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Detection of Sodium Chloride and Glucose Concentration in Aqueous Solutions
Using Resonator Based on Interdigital Capacitor
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Abstract

This study used a resonator based on an interdigital capacitor (IDC) to detect variations in the S-parameter with the concentrations
of sodium chloride and glucose solutions in the microwave frequency range. The resonance frequency was selected by considering
factors such as the resonator size and variations in the dielectric constant of water with temperature. A fluidic channel was positioned
at the location with the strongest electric field distribution in the resonator, and simulations and measurements were conducted. The
concentration of the glucose solution was set from 0~400 mg/dL to reflect the blood glucose levels in the human body. In the case
of the sodium chloride solution, the concentrations of sodium and chloride ions in the human body were considered and were set from
500~900 mg/dL. The measurement results showed that the reflection coefficients of sodium chloride and glucose solutions varied by
~4.44 and 0.9 dB, respectively, confirming that the proposed resonator sensitively detects variations in solution concentrations.
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Fig. 1. Dielectric constant and loss tangent of glucose solution.
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Fig. 2. Dielectric constant and loss tangent of sodium chloride solution.
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Microstrip Line
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Fig. 3. Equivalent circuit of proposed resonator.
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Table 1. Concentration range of other vital components in
the blood, excluding blood glucose.

Other components Concentration range [mg/dL]

Na 310~333

Cl 337~372

Mg 1.8~34

Ca 8.5~10.5

K 13.6~214
22T 3k EREAAN 4] sES P 9
A7 71Z AFol7] Wi EdE Wl FEHoloF &
=2 g WE Eo7] A8 YEFI dstes ¢
SHHEFOR VHsglth AshHERS] v M= 4
Q9] % B9 mEgLE AHESe] Fo) %o T3

UEFH dgtEe FEE st 4EEFY |
mEg/LE 2.99 mg/dLZ, 310~333 mg/dLe] = oF 135
~145 mEg/Lell t-3-= & e & o AUk vzsA F3t
9] | mEq/LE 3.5453 mg/dLE 337~372 mg/dLe] ¥
= 9F 95~105 mEg/Lel o5& Hrh SfHEFY |
mEqL+ 93tE3 HEFS Fo|BE 58443 mg/dL7} =
o, dstet HEFY vk HAE BF x4
314 95~145 mEgLE AAstAoH, o]& £=TF9 F
T @92 wskad oF 500~900 mgdL7t Hok o1& u}
goz ¥egd HUEF T899 sEe 474 0~
400 mg/dLSt 500~900 mg/dLE AAsT A &8 o)A}
Z74& A3k

& 1% 63 7o) 1/32 inch A7]9]
= &—t— £4 4L IDCY FA tEE 9
xlAl?ﬂOUi FA A W & A fHE Z2E

53 SAAY FEY] fAE HEE HLHHA
Algﬂﬂovdé AePstary. 2xG FE& 9 5o &
HAE 0~400 mgdLE AA AT, 27] W7t v $-

738

E Field [Vim]

I 1.1028E+05

5.2611E+04

2.5100E+04
1.1975E+04
5.7129E+03
2.7255E+03
1.3003E+03
6.2036E+02
2.9596E+02
1.4120E+02
6.7364E+01
3.2138E+01
1.56333E+01
7.3149E+00
3.4898E+00
1.6649E+00

8 5. Agtd 37719 A7 &
Fig. 5. Electric field distribution of proposed resonator.

a8 6. FA Add ekl Agte 317
Fig. 6. Proposed resonator with fluidic channel.
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